In this work, optical retardation (OR) was investigated in corneal stroma collagen fibers from nonobese diabetic (NOD) and healthy (BALB/c) mice. Linear dichroism (LD) was investigated in corneas stained with Ponceau SS and Toluidine Blue, using microspectrophotometer. NOD corneas showed higher OR values than the control. Ponceau SS-complexed collagen fibers showed positive LD that was higher for NOD corneas. After staining with Toluidine Blue, NOD and BALB/c corneas showed negative LD. The results of this study demonstrate that diabetes was capable of altering the corneal optical anisotropies, possibly altering the number of intermolecular crosslinks in collagen fibers.
Introduction
The cornea is an aspheric and transparent structure that consists of a central portion known as stroma, covered anteriorly with stratified epithelium and posteriorly with endothelium (Klyce & Beuerman, 1988; Maurice, 1957; Michelacci, 2003) . The stroma represents the majority of the corneal thickness and exhibits a fine structure characterized by layers of stacked lamellae (Jaronski & Kasprzak, 2003; Maurice, 1957) . Each lamella is composed of regularly spaced collagen fibrils that, in general, run parallel to each other and the corneal surface, but they form large angles with fibrils in adjacent lamellae (Farrel, Freund, & McCally, 1999; Komai & Ushiki, 1991; Meek & Fullwood, 2001) . Various studies have reported that regular spacing of the collagen fibrils is essential for corneal biomechanical and transparency (Farrel, 1994; Goldman, Dohlman, Benedek, & Kravitt, 1968; Maurice, 1957) . In addition, other factors, such as uniform diameter of the collagen fibrils, stroma proteoglycans (PGs) and stroma hydratation also contribute to corneal transparency (Chakravarti et al., 1998; Maurice, 1957; Quantock, Meek, Ridgeway, Bron, & Thonar, 1990) .
The composition and 3-D organization of stroma collagen fibers confer the cornea important polarizing properties and optical anisotropies known as birefringence and linear dichroism (LD) (Bueno & Jaronski, 2001; Bueno & Vargas-Martin, 2002; Jaronski & Kasprzak, 2003; LouisDorr, Naoun, Allé, Benoit, & Raspiller, 2004; Maurice, 1984; van Blokland & Verhelst, 1987) . Several authors have admitted that collagen fibers possess two types of birefringence: Intrinsic or crystalline birefringence and form or textural birefringence (Bennett, 1967; Jaronski & Kasprzak, 2003; Vidal, 1964; Whittaker, Bouhner, Perkins, & Canhan, 1987) . Intrinsic birefringence occurs when many electronic resonators (p-p * -transitions from the collagen molecules planar peptide bonds) in a medium with more than one refractive index display preferred directions of symmetry, leading the medium as a whole to transmit light with different directions of polarization or propagation 0042-6989/$ -see front matter Ó 2007 Elsevier Ltd. All rights reserved. doi:10.1016/j.visres.2007.02.011 (Bennett, 1967; Oriel & Schellman, 1966; Wied, 1966) . In contrast, form birefringence depends on the subwave dimension and geometry of the collagen molecule, i.e., the compatibility of photon wavelength and collagen molecules, the aggregation/packing state and the spatial organization of the bundle/fiber components (Bennett, 1967; Vidal, 2003; Wied, 1966) .
Birefringence and LD measurements provide information regarding variability in the molecular order, orientation and aggregational state of the collagen fibers (Geday, Kaminsky, Lewis, & Glazer, 2000; Silva et al., 2006; Vidal, 1964; Vidal, 2003) ; corresponding to the ideal methods for detecting molecular alterations in anisotropical structures, as confirmed for second harmonic generation and X-ray diffraction studies (Roth & Freund, 1982; Stein & Norris, 1956) .
Since the discovery of stroma collagen fiber optical anisotropies, many researchers have used these phenomena as tools to investigate the cornea during different physiological and pathological conditions (Bueno & Jaronski, 2001; Bueno & Vargas-Martin, 2002; Jaronski & Kasprzak, 2003; Newton & Meek, 1998; van Blokland & Verhelst, 1987) . In this context, investigating eventual changes in corneal optical anisotropies caused by diabetes is also relevant.
Diabetes is an endocrine disorder characterized by hyperglycemia that causes nonenzymatic glycosylation of collagen and other extracellular proteins (Ahmed, 2005; Bailey, Paul, & Knott, 1998; Mentink, Hendriks, Levels, & Wolffenbuttel, 2002) . Nonenzymatic glycosylation is associated with a number of physicochemical changes in several structures rich in connective tissue (Andreassen, Oxlund, & Danielsen, 1988; Bailey et al., 1998; Mentink et al., 2002; Reddy, Stheno-Bittel, & Enwemeka, 2002; Sady, Khosrof, & Nagaraj, 1995; Schnider & Kohn, 1982) . It is established that nonenzymatic glycosylation affect various properties of collagen, including its ability to form supramolecular aggregates, its susceptibility to thermal degradation, its nonlinear susceptibility, its positive charge distribution and its autofluorescence, crystallinity and turnover (Ahmed, 2005; Andreassen et al., 1988; Closs & Christgau, 2002; Hadley, Meek, & Malik, 1998; Kim, Eichler, Reiser, Rubenchik, & Silva, 2000; Mentink et al., 2002) .
In mouse corneas, observation verified that an increase in the glycosylation levels reduces the diameter of the stroma collagen fibers causing corneal opacity (Chakravarti et al., 1998) , and possibly prejudices the corneal biomechanical and optical anisotropic properties, beyond the visual function. Additionally, changes in molecular packing have been reported for glycosylated corneal and scleral collagen (Malik et al., 1992; Malik & Meek, 1994) .
In this work, optical retardation (OR) associated with intrinsic and form birefringences and LD in corneal stroma collagen fibers from nonobese diabetic (NOD) and healthy (BALB/c) mice were investigated. The contribution of stroma PGs to optical anisotropic properties of the cornea was also investigated in NOD and BALB/C mice.
Methods

Theory: Definition for OR and LD
Anisotropy in media leads to changes in the polarization of light (Born & Wolf, 1980; Savenkoy & Sydurok, 2005) . There are two known mechanisms of anisotropy. Polarization may be altered through changes in the phase of the components of the electric vector E (birefringence) or changes in the amplitude of the components of the electric vector E (dichroism). In collagen fibers, these two mechanisms act simultaneously.
OR
If light is introduced into an anisotropic medium, the orthogonal components of the electric vector E will experience different refractive indices, since the plane of polarization of the incident light will not be parallel to one of the medium's optical axes (Born & Wolf, 1980; Maitland & Walsh, 1997) . As the orthogonal components of the electric vector E travel at different velocities, the vector components experience a phase shift relative to one another. The phase shift, d, can be represented by (Bloss, 1961; Born & Wolf, 1980; Maitland & Walsh, 1997; Silva et al., 2006) ,
where d is the phase shift between propagating orthogonal polarizations (radians), L is the thickness of the sample, Dn D is the difference in the refractive indices between two of the optical axes in a anisotropic sample, and k is the light wavelength in a vacuum. Each wavelength is associated with a 2p radian phase change. The quantity LDn D is known as the optical path difference (OPD) or optical retardation (OR). It is the difference between the two optical path lengths.
When OR is measured (using compensators) in birefringent material subsequently imbibed in solutions of different refractive indices, the OR values obtained in each solution can be plotted as a function of the refractive index of the respective solution (Bennett, 1967; Vidal, 1964) . Thus, form birefringence curves are constructed. Form birefringence curves are characteristically U-shaped, the U being concave upwards in the case of a material with positive form birefringence, such as collagen. The distance between the minimum point of such a curve and the line of zero birefringence indicates the degree of intrinsic birefringence which characterizes the material (Fig. 1 ). Thus, a form birefringence curve informs on form birefringence and the degree of intrinsic birefringence.
LD
Dichroism is defined as the difference in absorption between orthogonal polarizations (Bennett, 1967; Beydaghyan, Kaminska, Brown, & Robbie, 2004; Born & Wolf, 1980) . The physical basis of dichroism is based on the theories of dispersion and absorption. In LD, the absorption varies as the azimuth of the electric vector of the polarizer (EVLP) changes with respect to some fixed axis of the object. The quantitative treatment of dichroic phenomena depends on the measurement of absorption according to spectrophotometry techniques (Bennett, 1967; Born & Wolf, 1980; Vidal, 1970; Vidal, Mello, & Pimentel, 1982; Vidal & Mello, 2005) .
Material
Ten female NOD + mice (16 weeks old and 28 days of diabetes expression) and 10 female BALB/c mice (controls) of the same age were obtained from the Multidisciplinary Center of Biological Investigation (CEMIB) of the State University of Campinas, Brazil. The use of NOD mice in this study was chosen, because they develop a form of chronic autoimmune diabetes (Colucci, Bergman, Penha-Gonçalves, Cilio, & Holmberg, 1997) , shown to be a useful model to assess the effects of the nonenzymatic glycosylation of extracellular proteins.
Glycemia levels in NOD mice were measured approximately 6 h before the mice were killed. A blood sample was obtained by caudal puncture and analyzed by the automatic glucose meter Accu-Chek Active (Roche Diagnostica Brasil Ltd.), which measures glycemia in an interval defined between 10-600 mg/dL or 0.6-33.3 mmol/L. Values outside this interval are indicated as ''LO'' when glycemia is lower than 10 mg/dL (0.6 mmol/L) or ''HI'' when glycemia is higher than 600 mg/dL (33.3 mmol/L). All the NOD mice used in this study presented ''HI'' glucose levels (chronic hyperglycemia).
The mice were killed by decapitation, and their eyes were enucleated. The left eye of each mouse was fixed in 4% paraformaldehyde in 0.1 M phosphate buffer for 24 h, processed for routine inclusion in Histosec Ò (Merck, Darmstadt, Germany), sectioned in 8 lm thicknesses and used for birefringence and LD analyses. In contrast, the right eye of each mouse was fixed in 4% paraformaldehyde for 24 h, rinsed in distilled water (1 h), the cornea was removed from the eyeball, dehydrated in 70% ethanol (1 h), conserved in 80% ethanol at 9°C and used only for birefringence analysis.
All the protocols involving animal care and use were approved by the Committee for Ethics in Animal Experimentation of the State University of Campinas and met the Guidelines of the Canadian Council on Animal Care.
Measurements of the polarization properties 2.3.1. OR
Collagen fiber birefringence OR measurements were realized using whole (or in totum) and sectioned (8 lm) corneas.
Whole corneas-Unstained whole corneas were placed on a glass slide and imbibed for 1 h in water (n D = 1.333) and pure glycerol (n D = 1.471), respectively. For each imbibing solution, 150 measurements of OR were realized in NOD and BALB/c collagen fibers oriented at 45°relative to the plane of polarized light (PPL), using a Zeiss Pol-microscope (Zeiss, Oberkochen Germany) (Fig. 1) equipped with a 40· objective and monochromatic light (k = 546 nm).
The angle of the phase difference (d) obtained through the measurements was converted to the birefringence OR (in nanometers) using the Bräce-Kö hler k/10 (for measurements realized in water) and k/20 (for measurements realized in pure glycerol) methods as follow:
Brace-Kohler k=10 OR ¼ 47:20 sinð2/Þ Brace-Kohler k=20 OR ¼ 27:35 sinð2/Þ where 47.20 and 27.35 are the retardation of the compensators; / is 45°Àd, where 45°is the position of the collagen fibers long axis relative to the PPL (Vidal, 1964; Roth & Freund, 1982; Whittaker et al., 1987; Montarou & Gaylord, 2004; Silva et al., 2006) .
Histological sections-OR associated with form and intrinsic birefringences were measured in histological sections imbibed for 1 h in solutions of different refractive indices: Water (n D = 1.333), water-glycerol mixtures (n D = 1.360, 1.386, 1.413 and 1.435), pure glycerol (n D = 1.471) and Nujol mineral oil (n D = 1.479) (Bennett, 1967; Roth & Freund, 1982; Vidal, 1964; Whittaker et al., 1987) . For each imbibing solution, 150 measurements of OR were performed on NOD and BALB/c collagen fibers oriented at 45°relative to the PPL, using the same working conditions described for whole cornea analysis. OR values associated with form birefringence were determined, in water and water-glycerol mixtures, using Bräce-Kö hler k/10 compensator. In pure glycerol, the OR associated with intrinsic birefringence was determined using Bräce-Kö hler k/20 compensator.
Some histological sections were treated with hyaluronidase from bovine testis (1 mg enzyme/mL of 0.9% NaCl) in a humid chamber (37°C) for 6 h (Jackson & Bentley, 1968; Kiernan, 1990; Vidal, 1964) and imbibed in water for 1 h; the OR was determined only for the refractive index corresponding to this imbibing solution. The enzymatic treatment with hyaluronidase from bovine testis was used to determine the contribution of glycosaminoglycans (GAGs) (chondroitin 4-and-6-sulfates and dermatan sulfate) to the collagen fiber birefringence.
LD
Since collagen fibers and glycosaminoglycans of PGs do not present LD in the visible range of light, extrinsic LD was investigated in sections stained with Ponceau SS pH 2.5 and Toluidine Blue pH 4.0 (Vidal, 1970; Vidal & Mello, 1970; Vidal & Mello, 2005) . Ponceau SS is a rod-like azodye with a geometric and chemical structure that meet the conditions for orientation in collagens forming a complex endowed with crystallinity and high optical anisotropy (Vidal & Mello, 2005; Vidal & Volpe, 2005) . Toluidine Blue was used to detect the general distribution of CO À2 and SO
À3
anionic groups (glycosaminoglycans of PGs) in the corneal stroma (Lison, 1960; Vidal & Mello, 1984) . Some sections treated with hyaluronidase from bovine testis were stained with Toluidine Blue and used for morphological analyses. Spectral absorption and extrinsic LD were determined in a Zeiss automatic scanning microspectrophotometer (Oberkochen, Germany) (Fig. 2) equipped with a Planapo 40· objective, optovar 2, measured diaphragm diameter of 0.1 mm, field diaphragm diameter of 0.2 mm, and 100-W/ 12-V lamp; as previously proposed (Vidal, 1970; Vidal et al., 1982; Vidal & Mello, 2005) .
Spectral absorption curves were plotted with absorbances obtained for corneal collagen fibers positioned parallel (A PA ) and perpendicular (A PE ) to the EVPL at wavelengths from 500-550 nm for sections stained with Ponceau SS, and wavelengths from 500-600 nm for sections stained with Toluidine Blue. The wavelengths were obtained with a Schott monochromator filter ruler (Oberkochen, Germany). Values of LD (A PA -A PE ) and dichroic ratios (DR = A PA /A PE ; the DR parameter indicates the molecular orientation of the specimen irrespective of its thickness) (Vidal, 1970; Vidal et al., 1982) were calculated with the median of 30 measurements of A PA and A PE obtained for each wavelength and group studied (10 corneas from each group, three sections each).
Absorbance computation was obtained by comparison of the absorbing image to the unstained background that had been calibrated for 100% transmittance each time a new image was analyzed.
Statistical analysis
All calculations and statistical analyses were performed using the Minitab 12 TM software (State College, PA, USA) and involved analysis of variance (ANOVA) and Mann-Whitney (MW) non-parametric test. Differences were considered statistically significant when P values <0.05. Form birefringences curves and spectral absorption curves were constructed using the Origin 50 TM software (Microcal Inc., USA).
Results
OR
Birefringence brightness analysis allowed for characterization of the morphology and topography of stroma collagen fibers. Unstained NOD and BALB/c whole corneas presented no area of complete birefringence extinction when rotating the microscope stage. Whole corneas showed stroma collagen fibers intercrossed in different spatial planes and oriented in more that one direction along the corneal trajectories ( Fig. 3A and B) .
In the histological sections, when the cornea long axis was oriented at 45°relative to the PPL, the brightness along the collagen fibers was not homogeneous (Fig. 3C  and D) . Maximum birefringence was observed in stroma collagen fibers oriented at 45°relative to the PPL (Fig. 3C and D) . The hues of brightness corresponded to different angles of the collagen fibers lamellae relative to the PPL. When the corneal axis was oriented parallel or perpendicular to the PPL, the stroma showed small undulations ( Fig. 3E and F) .
OR analysis, using wavelength from 546 nm, revealed that stroma collagen fibers of whole corneas showed smaller OR mean values, but similar standard deviation, when compared with collagen fibers of corneas sections in the same experimental conditions (NOD vs. NOD and control vs. control) ( Table 1) .
NOD whole and sectioned corneas showed higher birefringence OR values in all imbibing solutions used, when compared to the healthy controls. Form birefringence curves obtained by plotting the average OR values in nanometers as a function of the refractive indices of the imbibing solutions, revealed differences between NOD and BALB/c corneas (Fig. 4) . After treatment with hyaluronidase, a significant reduction (P 0.000 level, ANOVA) in the OR values of the collagen fibers from NOD and BALB/c corneas sections was observed ( Table 1 ). The proportion of macromolecules removed by hyaluronidase was similar (26% NOD and 29% BALB) between the samples studied.
LD
NOD and BALB/c collagen fibers complexed with Ponceau SS absorbed more polarized light, at all wavelengths used (500-550 nm), when the corneal axis was positioned parallel to the EVLP (Fig. 5A) . However, polarized light absorption proved to be nonhomogeneous along the corneal axis, due to the different angles of collagen fiber lamellae relative to the EVLP (Fig. 6A and B) .
Analysis of the spectral absorption curves for Ponceaustained corneas revealed absorption peaks (A PA and A PE ) at 520 nm (Fig. 5A) . When using the Mann-Whitney test, the parallel condition for NOD mice was far greater, so that the difference in A PA vs. A PE for NOD mice was large and the difference for BALB/c mice, while relatively similar in proportional terms, in absolute terms was much less (Table 2, Fig. 5A ).
Stroma collagen fibers showed positive LD and DR values that were higher for NOD corneas (Table 2) .
After staining with Toluidine Blue, pH 4.0, NOD and BALB/c corneal stroma showed metachromatic reaction ( Fig. 6C and D) . Treatment with hyaluronidase abolished the corneal stroma metachromasia (Fig. 6E and F) .
Toluidine Blue-stained corneas (non-treated with hyaluronidase) absorbed more polarized light, at all wavelengths used (500-600 nm), when the cornea axis was oriented perpendicular to EVLP (Fig. 5B) . Maximum A PA and A PE peaks were observed at 540 nm (Fig. 5B) . No statistically significant differences (P > 0.05, MW) were observed between A PA , A PE and DR from the NOD and BALB/c corneal stroma (Table 2, Fig. 5B ). All the samples studied showed negative LD values, because A PA < A PE (Table 2) . X , arithmetic mean; SD, standard deviation. Number of measurements = 150. * P 0.000 level compared to the corresponding group non-treated with hyaluronidase. Fig. 4 . Form birefringence curves for NOD and BALB/c corneas.
Discussion
In this work, the morphology, birefringence and LD of corneal stroma collagen fibers from diabetic and healthy mice were investigated.
Morphological analysis from NOD and BALB/c whole corneas, using polarized light microscopy, revealed that complete birefringence extinction (when the long axis of fibers is parallel to one of the polarizer they appear dark, i.e., extinction) was never obtained by rotating the microscope stage; there were always collagen fibers oriented at ±45°relative to the PPL. This observation confirmed that stroma collagen fibers are oriented in more that one direction along corneal trajectories, as widely described in the literature.
Birefringent images contain 3-D information: topological bi-dimensional information in the X-Y plane of the polarizers and three-dimensional information in the Z plane due to OR observed by the brilliance of the fibers, which is a function of the angle between the fibers and the crossed PPL. Thus, variations in the intensity of birefringence brilliance and small stromal undulations, as observed in this study, during the morphological analysis of unstained histological sections, reflect the different angles of the collagen fiber lamellae in relation to the crossed PPL.
Quantitative studies of birefringence are widely used to determine molecular orientation, ordered aggregational state and concentration in liquid crystals and biopolymers, showing a strong relationship with second harmonic generation, chirality and chiroptical effects, and nonlinear optical properties (Cornelissen, Fisher, Sommerdichijk, & Nolte, 1998; Ha et al., 2005; Hwang & Lee, 2003; Pena, Boulesteix, Dartigalongue, & Schane-Klein, 2005; Silva et al., 2006; Vidal, 1963 Vidal, , 1964 Vidal, 2003; Vidal & Mello, 2005; Yun, Kuboyama, Chibata, & Ouzigawa, 2006) . It should be mentioned that collagen fibers in vivo are not ''solids''; the concept that they maintain liquid crystal properties is more appropriate to understanding their biological functions (Vidal, 2003) . The organization and orien- tation of the stroma collagen fibers allow for speculation that the cornea possesses characteristics of cholesteric liquid crystal (Giraud-Guille, 1996) .
The smaller birefringence OR values (wavelength = 546 nm) obtained for whole corneas, when compared to corneal sections of some experimental conditions could be associated with the corneal dense cellularity and internal birefringence extinction at the points of intercrossing of adjacent collagen fibers. Furthermore, a clear statement exists that the excised corneal punches present increased form birefringence compared with whole corneas, possibly caused by the development of asymmetric fibril tension due to pulling towards the center of section, with nothing to counteract this tension, because the opposing fibrils were removed. Differences, in terms of OR values, obtained for whole and sectioned corneas, demonstrated that information regarding optical anisotropy differ in function of the methodology used for sample preparation and analysis. Thus, different interpretations, occasionally observed in the literature, are most likely due to differences in methodological processes.
In this study, OR associated with intrinsic and form birefringences of collagen fibers were determined experimentally, using imbibing solutions with different refractive indices (Roth & Freund, 1982; Vidal, 1964; Whittaker et al., 1987) . The lowest OR values noted in pure glycerol inform on the degree of intrinsic birefringence; OR values measured in water-glycerol mixtures provide information regarding the form birefringence; and OR values measured in water provide information regarding total birefringence (intrinsic and form) (Silva et al., 2006; Vidal, 1964; Whittaker et al., 1987) .
The form birefringence curves of the NOD cornea revealed that diabetes increased the intrinsic and form birefringence OR values of the stroma collagen fibers, suggesting that due to the disease the collagen fibers become more crystalline and densely packed than in the control. Alterations in the molecular packing of glycosylated collagen have received contradictory reports from several authors using different methodologies (Kim et al., 2000; Reiser, Amigable, & Last, 1992; Tanaka, Avigad, Brodsky, & Eikenberry, 1988) . It is possible to speculate that the molecular conformation of the different sugars used in the glycosylation in vitro process introduce different interferences in the structural changes observed in collagen. In addition, since the preferential glycosylation sites are strong influenced by variations in the collagen structure (helical patch, for example) (Reiser et al., 1992) , it is possible that collagen molecular packing is differentially affected by nonenzymatic glycosylation.
The increase in intrinsic birefringence (crystallinity) of collagen fibers can be attributed to the increase of total electronic transitions on the collagen molecules planar peptide bonds (Sinex, 1968) . Additionally, crosslinks mediated by nonenzymatic glycosylation, as reported by several authors (Reddy et al., 2002; Schnider & Kohn, 1982) , can be associated with increased form birefringence (molecular packing). However, since birefringence is proportional to the collagen content (Vidal, 1966) , is possible that an increase in collagen synthesis also contributes to the higher form birefringence observed in NOD cornea.
LD observed in Ponceau SS-supramolecular collagen association is caused by electronic transitions along the major axis of the rod-like dye, where the chromophores -N@N-are aligned, supporting the idea that the dye molecules are parallel to the principal axis of the collagen molecules (Vidal & Mello, 2005) . Ponceau SS is an ideal dye for detecting changes in the macromolecular orientation of collagen fibers. Nonhomogeneous absorption of polarized light along the cornea axis confirmed the results of the morphological analysis of the birefringence, reflecting changes in the collagen fiber lamellae direction relative to the EVLP. Spectral absorption curves, LD and DR obtained for Ponceau SS-stained corneas complement the information provided by the birefringence analyses, suggesting higher crystallinity and packing of the NOD stroma collagen fibers in comparison to the control. Vidal and Mello (1970) , studying dichroism spectral curves from tendon extracellular matrix stained with Toluidine Blue pH 4.0, observed that it showed A PA < A PE . The authors noted that the Toluidine Blue molecule, bind along their long axis by unipoint attachment of the quinoneimine group containing resonant electrons (the molecule must be considered to be an oscillating dipole), perpendicular to the substrate (glycosaminoglycans), which is parallel to the long axis of the collagen fibers (Vidal & Mello, 1970) . In the present study, birefringence reduction observed after treatment with hyaluronidase and negative LD (because A PA < A PE ) obtained for Toluidine Blue-stained stroma allows for deduction that, in the mouse cornea, glycosaminoglycan chains of PGs also were parallel to the long axis of the collagen fibers (Mello & Vidal, 1973; Vidal, 1963; Vidal & Mello, 1970) . Since in the present study, fixed and sectioned material were used, this finding reflects a condition of statistical nature, which in vivo can to vary due to the highly flexible adaptation of glycosaminoglycan chains to the extracellular matrix metabolism and the functional state of the structure. Spectral absorption curves obtained for the Toluidine Blue-stained cornea (non-treated with hyaluronidase) showed no differences concerning the absorption peaks (A PA and A PE ) of the NOD and BALB/c corneal stroma. The present results are not suggestive of different stacking patterns for the dye molecules as a function of differences in glycosaminoglycan aggregation provoked by diabetes.
In conclusion, the present study contributes to the literature with quantitative data regarding corneal birefringence and LD, revealing that diabetes was capable of altering the OR associated with intrinsic birefringence (crystallinity) and form birefringence (packing) in corneal stroma collagen fibers of NOD mice. However, diabetes does not affect the spatial organization of the stroma PGs. It is possible to speculate that molecular alterations in the corneal stroma could compromise the biomechanics and transparency of the cornea, prejudicing its refractive function and consequently the visual acuity of the individual.
